Background and objectives: Emerging information indicates that glucose metabolism alterations are common after renal transplantation and are associated with carotid atheromatosis. The aims of this study were to investigate the prevalence of different glucose metabolism alterations in stable recipients as well as the factors related to the condition.
N ew-onset diabetes after renal transplantation (NO-DAT) represents a serious metabolic complication with a negative impact on graft and patient survival, as well as on cardiovascular morbidity and mortality (1) (2) (3) (4) (5) . Emerging information indicates that less severe glucose metabolism alterations (GMA), such as impaired fasting glucose (IFG) and impaired glucose tolerance (IGT), are also highly prevalent (6 -10) and are associated with increased cardiovascular risk in the general population (11, 12) . In the renal transplant setting, Cosio et al. (13) reported that IFG was associated with a significantly higher incidence of posttransplantation cardiac events and peripheral vascular disease. In addition, an abnormal oral glucose tolerance test (OGTT) in stable renal transplant recipients is related to carotid atheromatosis (14) , a surrogate marker of cardiovascular morbidity and mortality.
Recently developed consensus guidelines have suggested that the diagnosis of GMA in renal transplant recipients should be based on regular screening of fasting blood glucose (1) ; however, other studies demonstrated that such an approach underestimated the true incidence of NODAT and ignored the important diagnosis of IGT, which can be made only with a simple and inexpensive OGTT (6 -10) . Single-center studies have reported that stable renal transplant recipients with IFG and/or IGT are older, exhibit higher body mass index and dyslipidemia, and more frequently are on ␤ blockers (6 -8) ; however, multicenter studies including a higher number of patients and reflecting different clinical practices may contribute to more accurate characterization of the clinical profile of recipients with GMA. Because these conditions are modifiable cardiovascular risk factors, providing the clinician with simple tools to suspect the condition may be helpful to indicate a more thorough investigation with OGTT and apply preventive interventions. The aims of this multicenter, cross-sectional study were to investigate the prevalence of GMA beyond 1 yr of transplantation and, in addition, the clinical profile and factors related to these conditions.
Materials and Methods

Study Design and Patients
For this cross-sectional, multicenter study, each participating center recruited 30 to 50 consecutive stable renal transplant recipients who attended the outpatient clinic, did not have pretransplantation diabetes, and had Ͼ1 yr of functioning graft. Eight Spanish transplant centers participated in the study. The only selection criterion was the patient's acceptance to participate in the study, which was performed in accordance with the Declaration of Helsinki. Among 426 initially recruited recipients, 52 were excluded because they fulfilled the American Diabetes Association criteria of new-onset diabetes (fasting plasma glucose Ն126 mg/dl or the use of antidiabetic medications). The remaining 374 patients (50 Ϯ 13 yr; 65% male) underwent a standard OGTT.
Data concerning demographic information, previous cardiovascular disease (ischemic heart disease, cerebral vascular disease, and peripheral vascular disease, diagnosed by standard criteria), type and time on dialysis, primary renal disease, donor and transplant characteristics, immunosuppressive drugs, and other treatments were recorded from patients' charts, in accordance with Spanish law on the protection and confidentiality of clinical data.
Maintenance immunosuppression was based on a calcineurin inhibitor (CNI) in 90% of recipients. The most common treatment combinations were prednisone ϩ tacrolimus ϩ mycophenolate mofetil (n ϭ 118) and prednisone ϩ cyclosporin A ϩ mycophenolate mofetil (n ϭ 89). Sirolimus was used in 35 (9%) recipients: In 27 (7%) cases without CNI and in eight (2%) as an adjuvant with CNI. Most (91%) patients were receiving corticosteroids.
Definition of GMA
A standard OGTT was done after an overnight 10-to 12-h fast. Blood samples were obtained before and 2 h after 75 g of glucose administration. GMA were classified on the basis of fasting and 2-h glucose levels following the American Diabetes Association criteria (15): IFG (fasting glucose Ն100 and Յ125 mg/dl), IGT (2-h glucose 140 to 199 mg/dl), and provisional diagnosis of diabetes (2-h glucose Ն200 mg/ dl). Because a second OGTT was not routinely performed for patients with a provisional diagnosis of diabetes to confirm the diagnosis of NODAT, for the purpose of this study, IFG, IGT, and a provisional diagnosis of diabetes were considered GMA.
Determinations
Fasting plasma glucose, triglycerides (Tg), total cholesterol, HDL cholesterol, and LDL cholesterol levels were measured at the time of OGTT using a computerized autoanalyzer in each study center. We also retrospectively obtained the values of these parameters at 3, 6, and 12 mo after transplantation. The Tg/HDL cholesterol ratio was used as a marker of insulin resistance (16) . Glycated hemoglobin was measured by HPLC in each study center at the time of OGTT. Body mass index (BMI) was calculated as weight (kg)/height 2 (m).
Renal function was assessed by serum creatinine and the Jelliffe formula to estimate creatinine clearance: Creatinine clearance (ml/ min) ϭ {[98 Ϫ (0.8 ϫ age Ϫ20)/20]/serum creatinine} ϫ 0.90 if female. This formula compares favorably with others in terms of dispersion when compared with inulin clearance in the renal transplant population (17) . Proteinuria was measured from a 24-h urine collection.
Cyclosporin A and tacrolimus levels were quantified by fluorescence polarization immunoassay using a mAb (Abbott Laboratories, Abbott, IL).
Statistical Analyses
For normally distributed variables, data are presented as means Ϯ SD, and for non-normally distributed variables as median and interquartile range. For comparison of recipients with or without GMA, t test or Mann-Whitney test was used as appropriate. Pearson 2 test was used to compare proportions between groups. For identification of independent factors related to GMA, a backward stepwise logistic regression analysis was performed. Age; gender; family history of diabetes; weight gain during transplantation; smoker status; and current BMI, prednisone dosage, estimated creatinine clearance, lipid metabolism parameters, type of CNI, and the use of statins, ␤ blockers, diuretics, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, or antiplatelet drugs were included. P Ͻ 0.05 was considered significant in the statistical analysis. Computations were carried out using the SPSS 13.0 for Windows statistical package (SPSS, Chicago, IL).
Results
Prevalence of GMA
A total of 119 (31.8%) patients had a GMA: 92 (24.6%) showed an abnormal OGTT, and 27 (7.2%) had isolated IFG. The distribution of different GMA is depicted in Figure 1 . The most common disorder was IGT (17.9%) alone (14.4%) or combined with IFG (3.5%). With a prevalence of 7.2%, isolated IFG was a less common disorder, and a provisional diagnosis of diabetes was given to 6.7% of the cases. Remarkably, 70 (58.8%) of 119 recipients with a GMA, showed a normal fasting glucose (Ͻ100 mg/dl). Conversely, an abnormal OGTT was observed in 70 (21.5%) of 325 recipients with a normal fasting glucose.
Cardiovascular and Metabolic Profile of Renal Transplant Recipients with GMA
Recipients with a GMA were generally older and had sustained more pre-and posttransplantation cardiovascular events, as compared with normal (Table 1) . Of note, they also had a higher prednisone dosage, poorer renal function, and more severe hypertension, as assessed by the required number of antihypertensive drugs. In addition, a higher proportion of Figure 1 . Distribution of various glucose metabolism alterations in stable renal transplant patients. IFG, impaired fasting glucose; IGT, impaired glucose tolerance; pDM, provisional diabetes.
recipients with a GMA were treated with ␤ blockers and diuretics.
The metabolic profile of both groups of recipients is outlined in Table 2 . Recipients with a GMA had higher BMI and had gained more weight since transplantation. Tg and the Tg/HDL cholesterol ratio but not other lipid parameters were significantly higher in this group. As expected, fasting glucose, glucose after OGTT, and glycated hemoglobin levels were significantly higher in recipients with a GMA. Importantly, this pattern of alterations was already present throughout the first posttransplantation year ( Table 2) . As a consequence, IFG at 3, 6, and 12 mo after transplantation was more common among recipients with current GMA (Table 2) , showing the early onset of these disorders.
Factors Associated with GMA
Finally, we assessed the factors related to the observed GMA. By multiple logistic regression analysis, the use of ␤ blockers, current Tg/HDL cholesterol ratio, prednisone dosage, and age were identified as factors that were independently associated with GMA after adjustment for other variables (Table 3) . When Tg/HDL cholesterol ratio was replaced by Tg levels, statistical significance was almost reached, with an odds ratio of 1.26 per each 50-mg/dl increase of Tg (95% confidence interval 1.00 to 1.59; P ϭ 0.05).
Discussion
This study demonstrates that one in three stable renal transplant recipients beyond the first posttransplantation year develops a GMA, which is associated with an adverse cardiovascular profile. In a substantial proportion (59%) of these recipients, a normal fasting glucose level coexists with an abnormal OGTT. Factors that were independently related to these alterations were age, current corticosteroid dosage, Tg levels and Tg/HDL cholesterol ratio, and the use of ␤ blockers. Remarkably, recipients with a current GMA already presented higher fasting glucose and Tg levels throughout the first posttransplantation year as compared with recipients with normal glucose metabolism.
The observed 24.6% prevalence of abnormal OGTT in our study was in the lower range of the 23 to 50%, which was reported by others (6 -8,10) ; however, taking into account that 80% of our patients were beyond the second posttransplantation year, when immunosuppression is consistently reduced, the prevalence of GMA may still be considered high. Noteworthy, a substantial proportion of our recipients with these alterations (59%) showed an abnormal OGTT in the presence of normal fasting glucose; therefore, this finding confirms that the sole use of fasting glucose as screening underestimates the true incidence of GMA. Because these alterations have been related to cardiovascular events (13) and carotid atheromatosis (14) , consideration should be given to introducing the OGTT as a routine investigation in renal transplant recipients.
By examining fasting glucose levels, Cosio et al. (13) reported a prevalence of IFG at first posttransplantation year of 33%, without a significant change after a minimum follow-up of 2 yr. The prevalence of IFG in our study after a mean posttransplantation time of 3.9 yr was 13% (Figure 1 ). Although there is no apparent explanation for this difference, the true incidence of GMA was probably underestimated in the study by Cosio et al., because glucose levels after an OGTT were not investigated.
Our recipients with GMA showed many components of the metabolic or insulin resistance syndrome. They were more obese, had higher fasting glucose and Tg levels, and had more severe hypertension than recipients with normal glucose metabolism. In fact, a higher proportion of them had a history of cardiovascular events both before and after transplantation, suggesting that the condition could be already present at earlier stages of renal disease.
The corticosteroid dosage during current treatment was higher in recipients with GMA, and a higher proportion of them were receiving Ͼ5 mg/d prednisone as compared with recipients with normal glucose metabolism. In addition, corticosteroid dosage was independently related to these alterations in the multivariate analysis (Table 3) , which demonstrates the importance of corticosteroid withdrawal or minimization after transplantation. Age was an additional independent factor related to GMA, as has been reported in other studies (6, 7) .
Current Tg levels and Tg/HDL cholesterol ratio, both clinically useful markers of insulin resistance (16, 18) , were higher in recipients with GMA (Table 2 ) and independently related to the condition (Table 3 ). In addition, these abnormalities, along with a more common diagnosis of IFG, were already detected at 3 mo, persisting during the first posttransplantation year (Table  2) , and may have contributed to the higher rate of posttransplantation cardiovascular events in this group (Table 1) . A similar observation was reported by Cosio et al. (13) , who showed that recipients with NODAT or IFG at 1 yr exhibited higher fasting glucose levels from the first month after transplantation; therefore, these findings suggest that an OGTT may be especially indicated in recipients who have hypertriglyceridemia and/or IFG by the end of the third month after transplantation (10) .
Recipients with GMA were more likely on ␤ blockers than those with normal glucose metabolism (Table 1) , as has been previously reported (7, 9) . It is interesting that this group of drugs was shown to induce insulin resistance and reduce adiponectin levels in renal transplant recipients (19) .
Our study has limitations. First, its cross-sectional design makes it difficult to discern any definitive cause-effect relationship. Second, our population was predominantly white, so our findings may not be directly applicable to other race groups. Third, 91% of patients were taking glucocorticosteroids, and the results therefore cannot be extrapolated to recipients who are not taking them. Finally, we could not provide information about other factors that may have contributed to GMA, such as lifestyle habits and diet.
Despite these limitations, we can draw the following conclusions from this study. GMA are common beyond 1 yr of transplantation and are associated with an impaired cardiovascular profile. An OGTT is required to detect the full expression of these conditions. Age, corticosteroid dosage, the use of ␤ blockers, and the Tg/HDL cholesterol ratio are independently related to these alterations. Importantly, the presence of IFG, hypertriglyceridemia, or an elevated Tg/HDL cholesterol ratio during the first posttransplantation year may alert clinicians about the risk for an occult GMA, favoring its early detection and therapeutic intervention.
